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for various applications such as gas adsorption and separation [1] [2] [3] [4] [5] [6] [7] [8] , sensors [9, 10] and chemical catalysis [11] .
Similar to zeolites, ZIFs can be grown as a continuous thin layer on a substrate like ceramic discs or polymeric membranes. Recently two detailed reviews were published dealing especially with MOF/ceramic composites and their applications [12, 13] ; however, polymer substrates could be attractive due to their much lower price and process feasibility.
When MOF's are grown on ceramic supports we face only few restrictions for temperature and solvents [14] [15] [16] [17] [18] [19] . This is different for polymeric supports; synthesis temperature is limited and solvents which do not attack the polymer have to be selected (water and alcohols are preferred). Several publications presenting successful preparation of MOF layers on polymer supports appeared in the last 4 years. Among proposed synthesis methods are contra-diffusion methods [20, 21] , in-situ methods [22, 23] , secondary seeded growth methods [24, 25] , interfacial approaches [8, 26, 27] and others [28] [29] [30] .
a metal source, which provides the required metal ions for initiation of nucleation with high density and a continuous growth of MOFs crystals.
HKUST-1 membranes were synthesized by "twin copper source" technique using copper net [32] and copper hydroxide nanostrands [30] as the metal source in the reaction system. mL of DI water (pH=9.5) and 2-methylimidazole (6 g) was dissolved in 40 mL of DI water (pH=9.5). Then the first solution was rapidly added to the second one.
The membrane was placed vertically in a glass beaker and the growth was continued for 6 hours at room temperature. After the growth the membranes were washed with methanol several times to remove excess traces of ZIF-8 crystals before drying at room temperature overnight. Fig. 2 . It can be seen that the zinc oxide layer was transformed into ZIF-8 crystal layer, however this layer was not dense enough and the crystals were not inter-grown sufficiently. The permeation tests of this membrane also showed very high hydrogen permeance of 1.5 x 10 -5 mol m -2 sec -1 Pa -1 which was about hundred times more than the average permeance of ZIF-8 membranes reported previously [41] . Moreover the obtained hydrogen/propane ideal selectivity for the ZIF-8 membrane prepared by the method A was 4.02 which is below Knudsen selectivity (4.7). These results led us to alter the preparation method as follows. [7] prepared ~500 nm thick ZIF-8 membranes on alumina support by the liquid phase epitaxy (layer-by-layer) method which allows the control of thickness simply by number of cycles.
Fig. 3. SEM top-view and cross-section images of ZIF-8 membrane prepared by

Method B
The XRD spectra of as prepared ZIF-8 membrane and substrate are shown in Fig. 4 . The positions of the peaks of ZIF-8 membrane are in agreement with previously reported ZIF-8 XRD spectra [42] and thus confirm the formation of the ZIF-8 crystals. To check the quality of the prepared ZIF-8 membrane, single gas permeation of hydrogen and propane was tested and the ideal selectivity was calculated. Tab Thanks to the non-flexible nature of inorganic support the risk of cracks' formation during handling is low. However it should be noted that their testing method (Wicke-Kallenbach technique) for permeation is different because an equal pressure is maintained on both the sides of the permeation cell. So presently it is difficult to decide to which extent the large differences in selectivity are based on the different measurement techniques or on differences in the quality of the ZIF layer.
Because of the flexible nature of polymer support it is important to handle the membrane very carefully to avoid formation of cracks in the ZIF-8 layer. In spite of careful handling we were not able to achieve a satisfying reproducibility for the PAN-ZnO-ZIF-8
membranes. The hydrogen/propane selectivity of 26 given in Table 1 is the best value we could obtain. All other membranes had selectivities below 15. The reason for these low selectivities is very likely the presence of tiny pinholes or cracks, which were not visible in the SEM images. We are currently examining possibilities to repair these defects by a suitable polymer coating.
M A N U S C R I P T A C C E P T E D
Tab. 1. Permeation results of prepared ZIF-8 and support membranes
Tab. 2 shows the summary of several reported polymer-supported MOF membranes with their permeation results. It can be seen that our membrane's performance is comparable or better than most of the other membranes. It should be noted that the reported [8] very high separation factor (318) for hydrogen/propane was also measured by the Wicke-Kallenbach permeation apparatus which does not apply a pressure difference on the membrane.
Tab. 2. Summary of literature reports of MOF membranes supported by polymers
CONCLUSION
In conclusion, ZIF-8 membranes were prepared by a double-zinc-source method on porous PAN support. This method employs deposition of zinc oxide by magnetron sputtering prior to ZIF-8 growth. We could demonstrate that magnetron sputtering of zinc oxide is a promising tool for enhancing the ZIF-8 growth on a polymer substrate. We were able to develop a defect free thin ZIF-8 layer with relatively high permeance for hydrogen and a reasonable selectivity for hydrogen/propane gases which was 5 times higher than the Knudsen selectivity. 
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
• Very thin (900nm) ZIF-8 membranes were synthesized on polyacrylonitrile PAN support by a double-zinc-source method.
• Thin zinc oxide layer was deposited on PAN support by magnetron sputtering.
• Conversion of zinc oxide to ZIF-8 was proposed as a beneficial step during growth of ZIF-8 continuous layer.
• Prepared ZIF-8 membrane showed good performance for hydrogen-propane separation.
